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Abstract of GB61 5590 

A process for separating alloys by fractional crystallization in which those phases which solidify first are 
caused to separate out at relatively cool points is characterized in that with controlled cooling of the 
melt, the abstraction of heat is effected only by way of a determinate crystallization surface and at the 
same time the melt is maintained in lively uninterrupted movement so that the temperature and the 
composition of the melt remain uniform throughout and only close to the crystallization surface is there 
set up a temperature and concentration drop in which the difference in temperature between the melt 
and the crystallization surface is maintained at from 5 DEG to 20 DEG C. The walls or part of the walls 
of the vessel containing the melt may be artificially cooled to form a crystallization surface the melt 
being stirred e.g. mechanically or by an alternating magnetic p field. Alternatively the surface of a 
hollow, mechanically driven stirrer may itself be artificially cooled to form a crystallization surface. The 
crystallization may be concluded as soon as the bath temperature has fallen to a value exceeding the 
eutectic temperature by about the temperature difference at the crystallization surface. An example is 
given of the production of an alloy containing 54.05 per cent tin, 41 .50 per cent lead 3.55 per cent 
antimony and 0.15 per cent copper from a melt containing 53.04 per cent tin, 32.20 per cent lead, 
12.08 per cent antimony and 2.46 per cent copper. The production of an eutectic aluminium-silicon 
alloy containing 12.9 per cent silicon from a melt containing aluminium, 31 .5 per cent silicon and small 
quantities of iron and titanium, is also referred to. 
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We, Spolek vro Chemickou a Htjtni 

VraoBU Narodni Podnik, a CzecW 
slovakian nationalized corporation, ot 

Stepdnski 30, Prague II, Czeckosloyakia, 
do hereby declare the nature of this in- 
vention and in what manner the Bame is 
to be performed, to be particularly des- 
cribed and ascertained in and by the 
following statenaent:— 

It is known that some alloys can be 
separated by means of fractional cryiatal- 
liBation of molten alloy into two or more 
phases having different freezing points 
During this process the molten alloy is 
i& allow^ to cool and the higher melting 
phase of the alloy migrates m the direc- 
tion of the thermal gradient to the cooler 
peripheral zone of the molten body here- 
inafter referred to as the melt, where it 
20 solidifies in the form of a scale or a layer 
of fiolid phase. In the remainder of the 
melt or liquid phase the lower melting- 
point phases are concentrated and are 
then removed from the solid phase before 
the entire melt solidifies As the dis- 
tance between the centre of the melt and 
the cooler peripheral zone is very great, 
the diffusion of the migi;ating phases 
reqxiires a long time. Therefore, it 
would be necessary to cool the melt 
^ extraordinarily slowly, lest the diffusing 
phase should solidify on its long path 
before it reaches the peripheral zone 
where its separation in solid form is to 

35 be effected. xi. j «^ 

In industrial practice the speed ot 
cooling is never low enough and some 
quantity of high melting phase separates 
in the centre of the melt before it reaches 

40 the periphery. After solidifieation, the 
crystals segregated can be separated 
later on the periphery i.e., they can float 
up to the 8urfa<^ of the melt or sink 
to the bottom, only when their specific 

45 gravity differs substantially from the 
[Fries 2/-] 
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specific gi\avity of the liquid phase. Tor 
this reason the described method is con- 
fined only to separation of such alloys 
the phases of which are of different 
specific gravity. It is evident that the 50 
effect of such a separation process is not 
quite satisfactory as the sinking or float- 
ino* of solid phase entrains a consider- 
able amount of liquid phase, so that the 
solid layer obtained is very much oo 
enriched with included lower melting 
phase of liquid phase. To increase the 
yield of liquid phase a systematic and 
repeated treatment of solid phase would 
be required. , , . 

It has now. been found that the. sepa- 
ration process can be considerably 
accelerated and the purity of the liquid 
phase increased if duriug the treatment 
the molten alloy is kept in intennve con- 
tinuous movement and so much heat per 
unit of time is abstracted from the melt 
bv means of a cooled surface, that is a 
cfvstallisation surface, provided for this 
purpose, that the entire higher melting 
phase separates only on the crystallisa- 
tion surface in a relatively short time 
and in the form of a very compact layer. 
If the heat accumulnted! in the melt and 
surrounding masonry before the start of 75 
the process proves to be insufficient, thus 
cooling the melt too quickly, additional 
heat is applied at points remote from the 
crystallisation surface. 

It ha*? been said tlint in the stationary 
crystallisation of a melt the higher f reez- 
ma- phases of the alloy are transferred 
from the centre of the melt to it^> peri- 
phery only bv way of diffusion, which 
is a very slow process owinpr to the great 85 
distance and to the fact that both the 
temperature and the concentration 
gradients are low. On the contrary, with 
an effectively stiiTcd melt, the separat- 
in'' phase is transferred in the whole 80 
body of the melt by way of convection 
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aa quickly as possible, and diffusion 
occurs only in the so called film, existing 
in the immediate vicinity of tke cry- 
stallisation surface. Since the film i& 
5 very thin and since the temperature 
gTadient and the concentration gxadient 
are hoth substantially elevated owing to 
the relatively high abstraction of heat 
from the melt, the diffusion process pro- 
10 ceeds at such a velocity that the sepa- 
ration of the alloys can be effected with- 
in a very short time. ' 

In contra dis'tinction to the known 
processes in which the result of the treat- 
15 nient is better when the temperature 
difference between the crystallising solid 
phase^ and the centre of the remaining 
melt is as small as possible, according to 
the present invention it was recognized 
20 firstly that a relatively high temperature 
drop amounting to from 5** to 20° 
created in consequence of the intensive 
abstraction of heat from the melt in the 
film,^ on the boundary between the cry- 
25 stalHsation ^iurface and the melt pro- 
duces beisides the already mentioned 
IHJssibility of shortening the duration of 
the separation process, still further un- 
expected results in the higher purity of 
30 both the remaining liquid and solid 
phase, . 

The film with its steep temperature 
drop divides the entire volume of the 
melt under treatment sharply into two 
35 regions. One of them is the molten alloy, 
the other is the zone of the crystallised 
f^olid phase. The latter zone adjoins im- 
mediately the intensively cooled surface 
• assisting iu the formation ' of a great 
40 aitunber of crystal nuclei, so that the 
separated solid phase consists merely of 
very fine crystals. As the region of the 
caystallisation in which the temperatui-e 
of solidification is reached is inconsider- 
45 able in relation to the entire volume of 
the alloy to be treated, the small crystals 
f ormmg have to be packed close together, 
. so that practically all the liquid^ phase 
15 forced out of the solid phase. It was 
50 not known before that the formation of 
fine crystals can be advantageouslv used 
for improving the result of the ^ sepa- 
ration. As known, the previous practice 
sought to avoid the formation of such 
oD minute crystal units because the losses 
of the included liquid phase' retained in 
the numerous interspaces and cavities of 
the same were very considerable* if such 
crystal units were produced as separated 
bU units m the body of melt. " 

There is still' one more advantage of 
the steep temperature drop in the film 
The temperature of crvstallisation, as 
already stated, is reached in the crystal- 
00 Ji^ation zone only, whereas the tempera- 



ture in the liquid phase, being practic- 
ally uniform in tlie whole body, is kept 
higher by the value of the temperature 
drop. Therefore, there is no dangler of 
any local solidification of liquid phase 70 
even if during the cooling tlic tempera- 
tui»e in the crystallisation zone has been 
lowered as far aa the eutectic tempera- 
tui^e of the alloy. Having this advan- 
tage in view, the new method gives much 75 
better yields than other known processes 
particularly in the isolation of eutectic 
alloys. 

According to the invention in the 
separation of an iiUoy, the procedure is 80 
substantially as follows: 

The completely molten alloy is allowed 
to cool with continuous stirring, the 
abstraction of heat by means of the cry- 
stallisation surface and the speed of cool- 80 
mg being properly related to one an- 
other to prevent solidification in the body 
of the melt and to obtain the best yield 
from the process. When the tempera- 
ture of the freezing point of the desired 90 
phase of the molten alloy is reached on 
the crystallisation surface, the higher 
melting phase begins to freeze out and 
produce a solid phase. As the tempera- 
ture becomes lower, the solid phase con- 95 
tinues to separate and the remaining 
liquid phase becomes richer in lower 
melting phase. As soon as the liquid 
phase reaches the desired composition, 
the cooling is stopped and the separated 100 
solid phase is removed from the remain- 
ing melt. 

During the procedure so much heat is 
abstracted from the melt throngh the 
crystallisation surface that a relatively 105 
high temperature drop occurs on the 
boundary between the melt and the cry-' 
stallisat;ion surface, that is in the film. 
This difference in temperatui»e is main- 
tained from 5**— 20° C, say about 10"* 110 
Y' -'-^ ^ ^^^sp s^ich a temperature 

drop, the heat accumulated in the molten 
alloy and in the masonry of the furnace 
IS sufficient in some eases; otherwise, if 
the metallic melt is a good heat con- 115 
ductor, it is necessary to heat the melt 
at points remote from the crvstallisation 
surface. 

The course of the crystallisation and 
separation process is advantageous con*, ion 
ducted according to the indication of a 
thermometer dipping int^ the melt. If 
the equilibrium diagram of ihe alloy to 
be treated is known, the composition of 
the remaining liquid phase can be con- 125 
tmuously followed. It must be remem- 
bered, however, that equilibrium be- 
tween solid phase and liquid phase is 
established only in the crystallisation 
zone, so that the measured temperature 130 




ia the melt is higher by tue temperature 
drop exiflting in the film than the eqnili- 
briim temperature. The value of this 
temperature drop in the given case cau 
6 be easily ascertained by experiment. 

The motion of the melt produces sufe- 
- cient convection currents so that at any 
instant the composition in the mam body 
of liquid phase and its temperature are 
10 uniform throughout the whole body of 
the melt. It has been found that the 
layer of solid phase separated on the 
crystallisation surface is more compact 
and poorer in included liquid phase the 
16 more rapid is the movement of the melt. 
In use on an industrial scale certain 
limits will be imposed on this movement 
in view of the substantial risk of oxida- 
tion of the metal and splashing of the 
20 melt. If in technical practice the motion 
in the melt is produced by means of a 
stirrer, the etirrer performs between 60 
and 400 revolutions per minute accord- 
ing to the size of the equipment. 
25 It has been further ascertained that a 
smaller crystallisation surface^ gives 
better results as regards the yield of 
liquid phase than a larger one. But if 
a satisfactory result of crystallisation on 
30 a smaller crystallisation surface is to be 
obtained, a more powerful means for 
cooling down the crystalliser must be 
used, for instance running water. 

When separating alloys according to 
;j5 the invention the speed of cooling the 
melt must not increase beyond a certain 
m&ximum, above which the solid phase 
. does not separate only on the crystalliser, 
but partly also in the body of the melt 
40 in the form of minute crystals. This 
maximum speed of cooling depends both 
on physical and chemical qualities of the 
alloy and on the intensity of stirring and 
amount of teat extracted from the melt 
45 through the crystallisation surface. In 
the given process the most advantageous 
condition can be easily ascertained by an 
experiment. 

The separation according to the inven- 
50 tion is in practice effected by means of 
a furnace which is equipped with a 
device for effecting the necessary move- 
ment of the melt and in which the neces- 
sary abstraction of heat from the melt is 
65 rendered possible by a crystallisation 
surface of a suitably chosen crystalliser 
in contact with the melt. Preferably 
there is used for this purpose a crucible 
furnace heated by meaus of gaseous, 
60- liquid or solid fuel, or by iin electric 
resistance or inductively. Further, for 
this purpose, there may also be used a 
built-in well-insulated pan which is pre- 
heated and subsequently filled with a 
65 molten alloy. In the crystallisation 
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process the pan unit is, if JSired, addi- 
tionally heated by combustion of gas or 
by an electric arc or by a resistance im- 
loersed in the melt or arranged above the 
melt. . , , 

The crystalliser used is so mounted 
that the flow of the melt effected by stir- 
rm<^ Is direotetl towards it, the melt 
being kept at the required temperature 
by reason that on its travel it passes «o 
through a heating zone. The crystal- 
liser may be fitted directly in the wall 
or in the bottom of the refining vessel, 
the respective surface being cooled from 
the outside, for example, by means of a oU 
cooling coil mounted in the masonry. 
Witli the same effect, there majr be 
used as a ciystalliser a hollow cylinder 
which dips: into tlie bath of melt and 
which is cooled internally by means of a oO 
gas, a >ipray of liquid or a stream of 
water. 

The 1110 vein ent of the bath is effected 
either by means of a mechanically oper- 
ated stirrer or by means of an alternat- 90 
ing or rotary magnetic field whicli is set 
up by means of an alternating current 
coil surrounding the crucible. In cer- 
tain cases there may be used an alternat- 
ing or lotary magnetic field, wbereby 95 
also heat is induced in the melt by eddy 
currents. 

As an advantageous solution of the 
problem there has been used a combin- 
ation in which the crystallisatioiL surface 100 
is provided at the bottom of the crucible 
and the heating body is mounted above 
the bath level, the bath being set in 
movement either mechanically or by the 
action of a changing magnetic field. 105 
After the finish of the proceas, the liquid 
is first poured off and the solid adhering 
to the bottom of the crucible is either 
melted out or broken out. 

According to a modification the mech- 110 
aiiically operated stirrer can also be used 
as a crystalliser, if the stirrer is fomied 
hollow and cooled internally by means of 
air, water or other cooling medium. ■ 
After the finish of the process the stirrer 115 
is lifted out of the melt and the solid 
layer clinging thereto is mechanically 
loosened from the wall of the crystalliser. 
The liquid is then poured from the fur- 
nace or removed bv tapping or running 120 
off. 

As already stated, the result of the 
new separation process as to the yieTi and 
the purity of isolated liquid phase as 
well as the speed of crystallisation is 125 
much better than that of known 
stationary fractional crystallisation. The 
obtained solid phase is already after a 
single operation ?o concentr.ited in the 
higher melting phase that any farther 130 
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treatment for increasing the yield of 
liquid pliase is unnecessary. In this re- 
spect the new process is superior to other 
Jmown pi-ocesses proposed for separating 
6 oi alloys such as sepai-atiou of solid phase 
clLTa?L°' <=entrifuging or 

EXAMFUBS. 
EX4MPLE 1. 

Production of a tin alloy: 
200 hg. of alloy of the followiuff com- 
position:— r " 
53.04% tin. 
32.20% lead. 
12.08% antimony, 
2.46% coi)per, 
were according' to the present invention 
subjected to frnctional crystallisation in 
on % temperature between 840' 

20 and 192 C. The last named tempera- 
ture is 10 ubove the melting point of 
the ternary eutectic Sn— Pb-^i Dur- 
ing the entire operation which lasted for 
b hours, the nielt was kept in lively move- 
«» ment by a stirring device performing 110 
revolutions per minute. Through the 
walls of tJiy stirring device 5000 calories 
were abstracted per hour and the melt 
was so heated externally that the velo- 
dU city ot Its eoolmg amounted to 25' C 
per hour. The difference -between the 
temperature of the melt and that of the 
'•oohng "(rails amounted to 10° C. After 
36 'I'^^o^oT*"?!* ''^•*^-*^''^.*«'"P"^t'^e of 
1 xV- ,f "i^ng device was lifted out 
|.iid the alloy clinging thereto removed. 
lUe ainount of the residual melt was 144 
kffs., that is, 72% of the initial alloy 
m /,"%'-°?>I'ositiou of the residual melt was 
4U lUe tollowmg : 
54.05% tin. 
41.50% lead. 
3.55% antimony. 
0.15% copper. • 
ihe yields obtained are considerablv 
greater than those which were obtained 
Uy tnown processes' of fractional crystal- 
lisation of alloy of the same composition 
Ktwrn-n process took 60 hours and 
gave 48% of a final melt of the follow- 
ing composition: 
64.40% tin. 
41.50% lead. 
3.67'% antimonv. 
0.20% copper. ' 

EXAMPLE 2. 

eutecti^*^*^°" of an aluminium silicon 

-i?'^ °f a- "'«de allov with 31 b°,{, 
60 silicon and the- residue consisting - o 
aluminium together with small quanti- 
Ties ot iron and titanium were, for the 
purpose of obtaining the eutectic accord- 
mg to the present invention, subjected to 
65 fractional crystallisation within a tem? 
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perature range of 840° to 591° C. The 
tnal temperature reached in this process 
measured m the bath was about 14° above 
that of the eutectic in question. 

The fractional crystallisation was 
eftected m a cmoible the outer walls of 
wbich were suiTounded by a copper coil 
traversed by alternating cunrent of 50 
cycles per second. By regulation of the 
intensity of the current there was set up 75 
in such a strong magnetic field in the 
interior of the crucible that the metal 
bath was set in movement, performing 
•JdO revohitions per minute. In order to 
avoid oxidation of the metal during 
treatment, the surface of the bath was 
covered with 3 kilograms of a salt melt 
';°J'^'^^^Soi28% Mol% barium chloride. 
d9 M.ol% potassium chloride and 33 
Mol% sodium chloride. 

During the entire process which lasted 
tor o8 minutes 14,400 calories were 
abstracted from the melt through the 
bottom of the crucible, the melt being 
additionally heated by a kot body 
arranged above the bath to such an 
extent that the speed of cooling of the 
oatu amounted to about 4.3° C per 
minute Under these conditions ' there 
resulted a difference of 14° C. between 
the temperature of tie melt and that of 
the cooling walls of the bottom of the 
crucible. 

uf^m- r^'t'''^ final temperature 
01 ojl t. the ouiTeut which produced 1 no 
the movement of the bath wa^ iS 
n.pted ; the residual melt was poured 
from the ci-ucible, and the crystal W 
deposited on the bottom of the crudffi 

leSivert 1?^ ^"^^^'^^^ ^^^^^ a»dl05 
lenioved. The amount of the eutectic 

tl'lZ^ ^-o^ awning 12.9% silicon and 
IS, a.fe% of the initial alloy, i.e con- 
sid^iably more than was ob Jned b'y anj^ UO 
other separating process during a dS^ 
proportionately longer period "of opS- 

As TOll appear from the foregoino- the 
process of the invention is applicable to , i ^ 
the production of eutectic allSys by W 
tional ciystallisation in which tTm 
staUisation is concluded as oon as ^; 
bath temperature has fallen to a value 
exceeding the eutectic temperature bv ion 

;.iv?ttl?%^''"Pn*"^^ differSce at the 
crystallisation surface. 

Having now particularlv described inA 
ascertained the nature of Jur sa?d iJc 
tion and m what manner the sam^ 
l^t^''- ^-lareThatTh^r^: 

tJji^^^^'i^^ separating allovs bv 
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separate out at relatively cool points 
charaoteriBed in that with controlled 
' cooling of the melt, the abstraction of 
K if efiected only by way of a deter- 

6 minate crystallisation surface, and at the 
same time the melt is maintained m 
lively uninterrupted movement, so ttat 
the temperature and the composition of 
the melt remain uniform throughout, 

10 and only close to the crystallisation sur- 
face is there set up X^^P^^f"^^ ^^^^ 
Sncentration drop in which the difference 
in temperature between the melt and the 
crystallisation surface w^mf^tained at 

15 from 5' to 20° C, say about 10 C. 

2 Trocess accoTding to claim 1, chax- 
acterised in that the artificially cooled 
crystallisation surface ib formed by the 
w?ll8 or parts of. the walk o the v^se 

20 «erving to contain the melt, the melt 
being set in movement in known manner, 
for Mample by a mechanically driven 
stirrer or by tie action of nn alternating 
magnetic field. . , 

25 3. Process according to claim 1, fur- 
ther characterised in that the artificially 



cooled crystallisation surface is formed 
by the surface of a lioUow stirrer cooled 
internally and mechanically driven. 

4 Process for the production of 30 
eutectic alloys by fractional crystallisa- 
tion according to claim 1 or claim ^ or 
claim 3, characterised m that the ciy- 
fitallisation is concluded as soon as Jhe 
bath temperature has fallen to a value dO 
exceeding the eutectic temperature by 
about the temperature difference at the 
crvstallisation surface. 

5. The herein described process ol 
separating alloys, W 

6. The process of separating alloys 
jiocording to Example 1. 

7. The process of separating alloys 
„r<«raing to Exoraple 2. 

Dated this 2nd day of August 1946. 
ORUIKSHANK & FAIRWEATHKB. 

Chartered Patent Agents, 
09 St Vincent Place, Glasgow, C.l. and 
29 Southampton Bmldings, 
London, W.C.2, 
Agents for the Applicants. 
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